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The multistep pathway leading to intracellular RNA localization is known to involve cis-acting signals in targeted
mRNAs, which are presumably recognized by speci®c RNA-binding proteins and interact with a functional cytoskeleton.
Tau RNA is localized to the proximal hillock of rat axons, and this movement requires intact microtubules. Because
Xenopus oocytes demonstrate a clear polarity involving microtubule-mediated RNA localization, we have studied the
distribution of tau RNA injected into oocytes. We ®nd that a fragment from the 3*-untranslated region of tau RNA is
localized to the vegetal cortex of stage III/IV oocytes in a distribution indistinguishable from Vg1 RNA, a vegetally
localized oocyte mRNA. A fragment from the tau RNA coding region, however, is homogeneously distributed in oocytes.
Tau RNA contains a functional binding site for Vg1 RBP, a Xenopus microtubule-associated protein that binds vegetally
localized oocyte RNAs with high af®nity, and this binding correlates with vegetal localization ability. The present studies
demonstrate, for the ®rst time, localization of heterologous RNA in oocytes. Given the role of Vg1 RBP as a mediator
of speci®c RNA±microtubule interactions, these results are strong evidence that Vg1 RBP is involved in the vegetal
localization of RNAs in oocytes and raise the intriguing possibility of the existence of proteins with similar function in
neurons. q 1996 Academic Press, Inc.
INTRODUCTION al., 1981; Binder et al., 1986). mRNA encoding MAP2 is
localized in cell bodies and dendrites of hippocampal tissue
Cell polarity is re¯ected in the localization of many pro- sections (Garner and Matus, 1988), as well as in neuronal
teins to speci®c subcellular regions. Localization of mRNA cells in culture (Bruckenstein et al., 1990; Kleiman et al.,
is emerging as a means to achieve this spatial organization 1990). Subcellular localization of cytoskeletal mRNAs facil-
in a variety of cell types (Singer, 1992; Steward and Banker, itates local synthesis of their encoded proteins, thus creat-
1992; Wilhelm and Vale, 1993; St. Johnston, 1995). The in- ing a high local concentration of a speci®c monomer, which
formation encoded by localized mRNAs includes cytoskele- leads in turn to regulated assembly and the generation of
tal proteins, regulatory proteins, and proteins with spatial neuronal microdomains.
functions (Fulton, 1993). We have previously demonstrated subcellular localiza-
The organization of the cytoskeleton is complex and may tion of tau mRNA at the axon hillock of neuronal cells
be controlled by local synthesis, as shown in somatic cells and suggested that this may serve as the initial step in the
and oocytes (Lawrence and Singer, 1986; Perry and Capco, complex process leading to tau protein axonal localization.
1988; Sundell and Singer, 1990). In neuronal cells, microtu- We have also shown that intact MTs play a role in the
bules (MTs) are the major cytoskeletal elements and, along localization process (Litman et al., 1993, 1994). Recently,
with their associated proteins, contribute to the establish- using a transfection assay into neuronal cells, we identi®ed
ment of neuronal polarity. In differentiated neurons, micro- sequences located in the 3*-untranslated (UTR) region of
tubule-associated protein 2 (MAP2) is preferentially local- tau mRNA that are involved in targeting of tau mRNA into
ized in the somatodendritic compartment, whereas tau pro- neuronal processes (Behar et al., 1995).
The polarity of Xenopus oocytes is evident at an earlyteins are localized in the cell body and axons (Matus et
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(Promega). The in vitro transcription assay was performed in a 5-stage of their development and is perhaps presaged by a
ml reaction mixture containing 50 mCi [a-32P]UTP (800 Ci/mmol)single preexisting axis in the primordial germ cell (Klym-
(Amersham), 10 mM unlabeled UTP, and 500 mM of the remainingkowsky and Karnovsky, 1994). As oogenesis proceeds, this
three unlabeled nucleotide triphosphates and was incubated for 1polarity is elaborated by a series of morphological events
hr at 377C. This was followed by phenol extraction and precipita-that help de®ne the animal±vegetal axis (Gerhart, 1979).
tion by NH4 acetate. The unlabeled competitor RNA transcriptsOn a molecular level, oocyte polarity is re¯ected by segrega- were synthesized similarly, in the presence of 1.25 mM of each of
tion of a small subset of maternal mRNAs into distinct the four nucleotide triphosphates and 0.5 mCi [a-32P]UTP as a tracer.
subcellular regions. Vg1 mRNA, encoding a member of the S100 extracts were prepared from Xenopus oocytes (stage III)
transforming growth factor-b (TGF-b) superfamily (Weeks (which were manually isolated and cultured for 5 days in the pres-
ence of serum) in TGKED buffer (50 mM Tris, pH 7.5, 25% glycerol,and Melton, 1987) and implicated in mesoderm formation
50 mM KCl, 0.1 mM EDTA, 0.5 mM DTT, and 1 mM PMSF).(Dale et al., 1993; Thompsen and Melton, 1993), is localized
Oocytes were homogenized in 2 volumes of TGKED buffer, clearedto the vegetal cortex of stage III/IV oocytes (Melton, 1987;
of cell debris by centrifugation at 12,000 rpm in an Eppendorf cen-Yisraeli and Melton, 1988). Localization of Vg1 mRNA is
trifuge for 10 min at 47C, and then centrifuged in an airfuge for 15dependent on a cis-acting signal of 340 nucleotides from the
min at 100,000g at 47C. Aliquots of the extracts were stored at3*-UTR region of Vg1 mRNA (Mowry and Melton, 1992). A 0807C. Protein concentrations were determined using a Bradford
69-kDa protein, termed Vg1 RBP, binds to this region with protein assay kit.
high af®nity and also interacts with at least one other vege- [32P]UTP-labeled probes (0.4 nM) were incubated with 7.5 mg of
tally localized RNA (Schwartz et al., 1992). Localization of S100 extract in a ®nal volume of 20 ml. After 30 min at room tempera-
Vg1 mRNA depends upon a functioning MT system. Dis- ture, heparin (Sigma) was added at a ®nal concentration of 5 mg/ml
and samples were irradiated at 0.5 J/cm2 with an UV-light source ofruption of the MT array in oocytes by colchicine or nocoda-
260 nm (Spectrolinker XL-1500 UV cross-linker). Following incuba-zole during the period when Vg1 mRNA is localized (stage
tion for 15 min with 1 mg/ml RNase A (Sigma) at 507C, samples wereIII/IV) blocks the directed transport of Vg1 mRNA to the
denatured at 657C and resolved by SDS±PAGE (12%).vegetal hemisphere, while depolymerization of actin ®la-
ments by cytochalasin B prevents anchoring of Vg1 mRNA
at the vegetal cortex (Yisraeli et al., 1990). Vg1 RBP appears Oocyte Culture and Drug Treatments
to function as a ``go-between'' for Vg1 RNA and MTs, being
Frogs (Xenopus laevis) were anesthetized and stage III oo-both a MAP and capable of mediating the association of Vg1
cytes (0.5±0.65 mm) (Dumont, 1972) were manually iso-RNA with MTs in vitro (Elisha et al., in press). Moreover,
lated in 11 modi®ed Barth's saline±Hepes (MBSH) [88 mMdisruption of MTs in stage VI oocytes results in displace-
NaCl, 1 mM KCl, 2.4 mM NaHCO3, 0.3 mM Ca(NO3)2, 0.4ment of the germinal vesicle from the animal hemisphere,
mM CaCl2 , 10 mM Hepes, pH 7.4], supplemented with 100suggesting that MTs participate in both the establishment
mg/ml gentamicin. Stage III oocytes were injected with 0.2and the maintenance of the animal±vegetal axis of amphib-
ng of synthetic capped RNA using a PLI-100 microinjector.ian oocytes (Gard, 1991, 1993).
Injected and control noninjected oocytes were cultured inAs MTs appear to have a similar role in mRNA localiza-
Leibowitz medium supplemented with 1 mM L-glutamine,tion in Xenopus oocytes and in neuronal cells, oocytes may
1 mg/ml insulin, 15 mM Hepes, pH 7.8, 50 U/ml nystatin,serve as a model system for studying the localization of
and 100 mg/ml gentamicin with or without 10% frog serumheterologous mRNAs. In this study, we injected RNA en-
containing vitellogenin (Yisraeli et al., 1990). The oocytescoding part of the 3*-UTR region of tau mRNA into oocytes
were grown for 1 or 5 days at 207C and then ®xed and storedand followed its localization in culture. The results provide
in 100% methanol at 0207C for further analysis by whole-the ®rst evidence that a fragment derived from neuronal
mount in situ hybridization (Harland, 1991).speci®c mRNA is targeted speci®cally to the vegetal pole
Cytoskeletal inhibitors were added when oocytes wereof stage III/IV oocytes. Vg1 RBP binding is correlated with
seeded and were replaced daily together with medium. Thethe ability of injected RNA fragments to localize to the
inhibitors were used at the following concentrations: cyto-vegetal cortex. Moreover, as with Vg1 mRNA, both the MT
chalasin B (Sigma) 25 mg/ml, colchicine (Sigma) 1 mg/mland the micro®lament systems are required in the process.
(Yisraeli et al., 1990).These results indicate a role for Vg1 RBP in vegetal localiza-
tion, and the presence of a functional vegetal targeting sig-
nal in a neuron-speci®c RNA suggests that a similar local- RNA Synthesis for Oocyte Injection
ization mechanism may function in neurons as well.
Sense RNAs were synthesized in vitro from the corre-
sponding linearized constructs in pBS/ vectors using either
T3 or T7 RNA polymerase (Promega). The transcription reac-MATERIALS AND METHODS
tion was carried out in the presence of P1-5-(7-methyl)-gua-
nosine-P3-5*-guanosine triphosphate for mRNA capping
UV Cross-Linking Assay (Kreig and Melton, 1987) and with 0.5 mCi [a-32P]UTP as a
tracer. The reaction was performed essentially as describedSense RNAs were synthesized from the corresponding linearized
constructs in pBS/ vectors using either T3 or T7 RNA polymerase above.
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Probes for Whole-Mount in Situ Hybridization viewed with a dissecting microscope. All experimental
procedures were performed in parallel in the various
Probes derived from rat tau fragments G and D (tau RNA- oocyte samples (hybridization conditions, posthybridiza-
G and tau RNA-D) correspond to nucleotides 2175±2799 tion washes, antibody incubation, and color development).
and 264±941 from the 3*-UTR and the coding regions, re-
spectively (Sadot et al., 1994). The Vg1 fragment (Vg1 RNA-
LS) corresponds to the localization signal of the 3*-UTR Quantitative Analysis and Statistics
region (Mowry and Melton, 1992; [domain B] Schwartz et
The results obtained from the whole-mount in situ hy-al., 1992). Digoxigenin-labeled single-strand RNA probes in
bridization of microinjected oocytes were quantitatively an-the antisense or sense orientation were synthesized from
alyzed by counting of oocytes exhibiting or lacking vegetallinearized constructs in pBS/ vectors using either T3 or T7
localization of the signal. For each treatment the percentageRNA polymerase in the presence of digoxigenin-UTP (Boeh-
of oocytes showing vegetal localization was calculated. Forringer, Mannheim), as described by the manufacturer.
statistical analysis of the results, the means of the localiza-
tion proportions of the various treatments were compared
with the localization proportion in the group of oocytesWhole-Mount in Situ Hybridization
injected with tau RNA transcribed from fragment G and
Whole-mount in situ hybridization of injected and endog- cultured for 5 days in the presence of serum. The data were
enous RNAs was performed according to Harland (1991), as analyzed using a two-level nested ANOVA with unequal
modi®ed by Oberman and Yisraeli (1995). Oocytes were sample sizes. Post hoc comparisons were performed using
®xed in MEMFA buffer (0.1 M Mops, pH 7.4, 2 mM EGTA, the multiple range test (Sokal and Rohlf, 1969).
1 mM MgSO4 , and 3.7% formaldehyde) for 1±2 hr and were
stored in 100% methanol at 0207C. Prior to hybridization
the oocytes were rehydrated by passage through decreasing RESULTS
concentrations of methanol (95, 75, 50, and 25%), washed
a few times in PBS containing 0.1% Tween-20, and prehy- Vg1 RBP Binds Speci®cally to a 3*-UTR Fragment
bridized for a few hours at 507C in hybridization buffer [50% of Tau RNA
deionized formamide, 51 SSC, 1 mg/ml yeast RNA, 100
mg/ml Heparin (Sigma), 11 Denhardt's, 0.1% Tween-20, In primary rat neuronal cultures, axonal localization is
directed by a 1395-nucleotide fragment located in the 3*-0.1% CHAPS (Sigma), and 5 mM EDTA]. CHAPS detergent
was used in the hybridization buffer and in the washing UTR fragment of tau RNA (Behar et al., 1995). UV cross-
linking experiments involving tau RNA and rat brain ex-solutions (described later in this paragraph) to prevent non-
speci®c sticking of the probe via the digoxigenin moiety. tracts revealed a minimal protein-binding site of 91
nucleotides contained within this 1395-nucleotide frag-The digoxigenin-labeled RNA probe was melted at 957C
for 3 min and added to the hybridization buffer at a ®nal ment (Behar et al., 1995). However, in initial experiments
with the minimal 91-nucleotide fragment microinjectedconcentration of 1 mg/ml. Hybridization was allowed to
proceed for 16 hr at 507C in a humid chamber. Afterward, into Xenopus oocytes, no localization was observed (data
not shown). Because of the suggested involvement of Xeno-oocytes were washed three times for 20 min each in 21 SSC
containing 0.3% CHAPS at 507C and were then subjected to pus Vg1 RBP in vegetal localization (Schwartz et al., 1992),
we tested the ability of an oocyte extract to recognize tauRNase treatment (20 mg/ml) for 30 min at 377C to allow
for the hydrolysis of nonspeci®c bound probe. The oocytes RNA in an UV cross-linking assay. Binding of a 69-kDa
protein similar to that seen with the Vg1 RNA localizationwere further washed with 0.21 SSC containing 0.3%
CHAPS for 30 min at 507C, and were then washed twice signal (Vg1 RNA-LS) (Schwartz et al., 1992) was detected
with tau RNA-G (Fig. 1A). This RNA fragment, comprisingwith PBS containing 0.1% Tween-20 and 0.3% CHAPS for
10 min each at 507C. Blocking was performed with PBS 624 nucleotides of the 3*-UTR region (corresponding to nu-
cleotides 2175±2799) (Sadot et al., 1994), was the minimalcontaining 0.1% Triton X-100, 2 mg/ml BSA, and 20% FCS
for 1 hr at room temperature, followed by overnight incuba- fragment that demonstrated binding to the 69-kDa protein;
in particular, no such binding was observed with the mini-tion at 47C with antidigoxigenin/alkaline phosphate-conju-
gated antibody diluted 1:2000 (Boehringer, Mannheim). At mal 91-nucleotide fragment, which is not localized in oo-
cytes (data not shown). An RNA fragment of a similar sizethe end of the reaction, oocytes were washed ®ve times for
1 hr each in PBS±Tween, bleached in 70% methanol and from the coding region of tau (nucleotides 264±941) (Sadot
et al., 1994), tau RNA-D, did not show any binding activity30% H2O2 solution (10% ®nal H2O2) for 15 min, and incu-
bated in chromogenic reaction solution including BM pur- (Fig. 1A) and was used as a control for further experiments.
The speci®city of the interaction between tau RNA-Gple (Boehringer, Mannheim) overnight at room temperature.
The developed color was stabilized by re®xation of the oo- and the 69-kDa protein was further demonstrated by a com-
petition assay in the presence of increasing amounts of unla-cytes in Bouin's ®xative for a few hours, followed by their
dehydration in 100% methanol and mounting in 2:1 benzyl beled competitors. As shown in Fig. 1B, the labeling of the
69-kDa protein was decreased when a 25-fold excess (10benzoate:benzyl alcohol. In situ hybridization signals were
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FIG. 1. Vg1 RBP binding to 3*-UTR fragment of tau mRNA (A). Tau fragments G and D and the 340-nucleotide localization sequence
of Vg1 (Mowry and Melton, 1992) were used as templates for the synthesis of [32P]-labeled RNA. Incubation of the labeled RNA molecules
with S100 oocyte cytoplasmic extracts was followed by an UV cross-linking assay, as described under Materials and Methods. Competition
assays for RNA-binding activity of tau RNA-G (B±D). Incubation of [32P]-labeled tau RNA-G with increasing amounts of the unlabeled
RNA competitor tau RNA-G (B), Vg1 RNA-LS (C), or tau RNA-D (D), and 7.5 mg of S100 oocyte cytoplasmic extracts was followed by an
UV cross-linking assay, as described under Materials and Methods. Numbers below the gels indicate the molar concentrations of the
competitor in nM.
nM) of the speci®c competitor tau RNA-G was present in the vegetal pole of the oocyte (Mowry and Melton, 1992).
It was therefore of interest to determine whether tauthe reaction mixture, and binding was completely elimi-
nated in the presence of a 125-fold excess (50 nM) of tau RNA-G also contains a localization signal which can tar-
get it to the oocyte's vegetal pole. Capped, unlabeled tauRNA-G. To determine whether tau and Vg1 RNA sequences
share similar binding domains, a competition assay for the RNA-G and tau RNA-D transcripts were synthesized in
vitro, injected into stage III oocytes, and grown for thebinding of tau RNA-G was performed using increasing
amounts of Vg1 RNA-LS. Figure 1C shows that unlabeled indicated time periods in medium without or with 10%
frog serum containing vitellogenin. The choice of stage IIIVg1 RNA-LS competes for the labeling of the 69-kDa pro-
tein by tau RNA-G probe over the same concentration range oocytes was dictated by earlier ®ndings that the localiza-
tion process starts at this stage and that injection intoas that of the tau RNA-G competitor itself. Reciprocal com-
petition experiments, with Vg1 RNA-LS as the probe and oocytes at later stages does not result in a complete local-
ization (Yisraeli and Melton, 1988).tau RNA-G as competitor, gave identical results (data not
shown). Almost no reduction in the labeling of the bands The spatial distribution of the injected tau RNA-G or tau
was observed, however, when the nonspeci®c competitor RNA-D was examined by whole-mount in situ hybridiza-
tau RNA-D was included in the reaction mixture at the tion analysis using digoxigenin-labeled antisense RNA
same concentrations (Fig. 1D). The 69-kDa Vg1 RBP binds probes, and visualized following incubation with antidigox-
with high af®nity to Vg1 RNA (apparent Kd  3 1 10010 M) igenin antibody conjugated to alkaline phosphatase (Har-
(Schwartz et al., 1992), and the present results suggest that land, 1991; Oberman and Yisraeli, 1995). By using wild-type
binding of the 69-kDa protein to tau RNA is of a similar oocytes, we could clearly distinguish between the oocyte's
magnitude. Taken together, these results show that the 69- pigmented animal pole (indicated by arrowheads in Figs. 2
kDa protein which recognizes tau RNA-G is in fact Vg1 and 4) and its unpigmented vegetal pole. Figure 2A demon-
RBP. Furthermore, the Vg1 RBP-binding site present in tau strates that after 5 days in culture tau RNA-G is localized
RNA-G, but absent in tau RNA-D, demonstrates an af®nity to the oocyte's vegetal pole. Localization appears to be a
for Vg1 similar to Vg1 RNA-LS. progressive process, with a homogeneous distribution ob-
served if the oocytes are cultured for only 1 day (Fig. 2B).
As with Vg1 mRNA localization (Yisraeli and Melton,
The Vg1 RBP-Binding Fragment from the 3*-UTR 1988), tau RNA-G was not localized when incubation of
Region of Tau RNA Is Targeted to the Vegetal Pole the injected oocytes was performed in a serum-free medium
of Xenopus Oocytes (Fig. 2C). Tau RNA-D (from the coding region) was homoge-
neously distributed in injected oocytes cultured for 5 daysVg1 RNA-LS, which shares a common binding activity
with tau RNA-G, has been shown to direct Vg1 RNA to in the presence of serum (Fig. 2D). As a positive control for
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the assay, we used the previously demonstrated localization
of endogenous Vg1 mRNA at the oocyte's vegetal pole (Fig.
2E) (Yisraeli and Melton, 1988). Injected oocytes hybridized
with control tau sense probe showed a very low level of
background staining (Fig. 2F).
A statistical evaluation of three independent experi-
ments, in which about 300 oocytes were examined, is pre-
sented in Fig. 3. The results obtained from whole-mount in
situ hybridization of the microinjected oocytes were quanti-
tatively analyzed by counting of oocytes exhibiting or lack-
ing vegetal localization of the injected RNA. For each treat-
ment the percentage of oocytes showing vegetal localization
was calculated. Vegetal localization was observed in 52%
of the oocytes injected with tau RNA-G and cultured for 5
days in the presence of serum. The majority of these oocytes
appear to undergo localization after the ®rst day in culture,
with only 22% showing localization when incubated for 1
day. In most of the oocytes injected with tau RNA-G, vege-
tal localization did not occur when the oocytes were cul-
tured in a serum-free medium (12% localization). Similar
percentages (8±11%) of oocytes showed vegetal localization FIG. 3. Quantitative analysis of results obtained from whole-
of the injected tau RNA-D. This vegetal localization may mount in situ hybridization of microinjected oocytes. Statistical
analysis of the vegetal localization of tau RNA-G or tau RNA-Dbe due to some nonspeci®c interaction of the injected RNA
in injected oocytes grown for 1 or 5 days in the presence of serumat the vegetal cortex, since it is not affected by serum. Figure
or for 5 days in serum-free medium. Data are based on three inde-3 demonstrates the high signi®cance of these results (P 
pendent experiments in each of which about 300 oocytes were0.0001), as analyzed by a two-level nested ANOVA with
examined for each treatment and are expressed as the mean per-unequal sample size, and post hoc comparisons. The above
centages of oocytes showing vegetal localization. The asterisk indi-results clearly suggest that rat tau RNA-G contains a tar- cates signi®cant differences (P  0.0001) in the number of injected
geting signal which is recognized by Xenopus oocytes and oocytes showing vegetal localization of the tau RNA-G, following
directs its localization to the oocyte's vegetal pole. growth for 5 days in a medium containing serum relative to all the
other treatments. The data were analyzed by a two-level nested
ANOVA, with unequal sample sizes and post hoc comparisons.MTs and Actin Filaments Are Involved in the
Localization of Injected Tau RNA in Oocytes
MTs and actin ®laments are involved in the translocation
and anchoring of Vg1 mRNA at the oocyte's vegetal pole present study, cytoskeletal inhibitors were used to identify
the cytoskeletal elements involved in targeting of the mi-(Yisraeli et al., 1990). MTs have been implicated in the
subcellular localization of tau mRNA and poly(A)/ mRNA croinjected tau RNA-G to the vegetal pole of the oocytes.
Stage III oocytes were injected with tau RNA-G, culturedin primary neuronal cell cultures and in cortical neurons,
respectively (Litman et al., 1994; Bassell et al., 1994). In the for 5 days in the presence of colchicine or cytochalasin B,
FIG. 2. Sequence from the 3*-UTR region of tau RNA is targeted to the vegetal poles of Xenopus oocytes cultured in a medium containing
serum. Stage III oocytes were injected with synthetic unlabeled tau RNA. The oocytes were grown for 1 or 5 days in culture and ®xed,
and the localization of the injected RNA or endogenous Vg1 RNA was examined by whole-mount in situ hybridization with the appropriate
digoxigenin-labeled antisense RNA probe. Oocytes injected with tau RNA-G (A±C). Oocytes injected with tau RNA-D (D). Noninjected
oocytes hybridized with Vg1 probe show the localization of endogenous Vg1 (E). Low-background level of the whole-mount in situ
hybridization with tau sense probe (F). The oocytes in (A) and (C±F) were ®xed after 5 days in culture, and the oocytes in (B) were ®xed
after 1 day in culture. The oocytes in (C) were cultured in serum-free medium, while the oocytes shown in all the other panels were
cultured in a medium containing frog serum. The animal pole of the oocytes is indicated by arrowheads. Calibration bar, 200 mm.
FIG. 4. MTs and actin ®laments are involved in localization of tau mRNA in injected oocytes. Stage III oocytes were injected with
unlabeled tau RNA-G and cultured for 5 days in the presence of the cytoskeletal inhibitors colchicine or cytochalasin B. (A) A control
oocyte injected with tau RNA-G and cultured for 5 days in the presence of serum. (B) Disruption of tau localization in an oocyte grown
in medium containing colchicine. (C, C*) Mislocalization of injected tau RNA-G in an oocyte grown in medium containing cytochalasin
B. Oocytes in (A±C) were photographed from a lateral view and in (C*) from the vegetal pole. The ring seen around the vegetal aspect of
the germinal vesicle (C*) following cytochalasin B treatment did not extend to the cortex (C). The animal poles are indicated by arrowheads.
Calibration bar, 200 mm.
Copyright q 1996 by Academic Press, Inc. All rights of reproduction in any form reserved.
AID DB 8134 / 6x09$$$182 05-02-96 13:59:08 dba AP: Dev Bio
92 Litman et al.
and then analyzed by whole-mount in situ hybridization jected to detergent treatment, whereas messages restricted
to the cell body are not (Burgin et al., 1990; Litman et al.,(Fig. 4). Colchicine treatment, which interferes with poly-
merization of MTs, disrupted localization of injected tau 1994). Since Vg1 RNA localization in Xenopus oocytes also
requires intact MTs, the present results raise the interestingRNA-G, and in the large majority of injected oocytes the
RNA was distributed homogeneously (Fig. 4B). Vegetal lo- possibility that association with MTs may be a suf®cient
condition for vegetal localization in stage III/IV oocytes.calization of the injected message was seen in only 20.7%
of all injected oocytes, i.e., in slightly more than the per- This hypothesis is currently being tested with other heterol-
ogous messages that undergo localization via MT-mediatedcentage of oocytes undergoing localization in the absence
of serum (Fig. 3). Following cytochalasin B treatment, 46.7% processes.
of the oocytes showed tau RNA-G accumulation in the veg-
etal cytoplasm, around the vegetal aspect of the germinal
RNA±Protein Interactionsvesicle (Fig. 4C); this accumulation appeared as a ring of
hybridization when viewed from the vegetal hemisphere Using an UV cross-linking assay, we identi®ed a 69-kDa
protein in oocyte extracts that recognizes tau RNA-G spe-(Fig. 4C*). A similar mislocalization was previously de-
scribed for endogenous Vg1 mRNA in stage III oocytes cul- ci®cally. The oocyte 69-kDa Vg1 RBP was previously shown
to recognize a common motif in two vegetally localizedtured for 5 days in the presence of cytochalasin B (Yisraeli
et al., 1990). Despite their dramatic and speci®c effects on maternal mRNAs, Vg1 and TGF-b5 (Schwartz et al., 1992).
In the present work, using a competition assay, we demon-tau RNA-G localization, neither of the drugs had any effect
on the viability of the oocytes. The results suggest that both strate that tau and Vg1 RNA sequences compete equally
well with tau RNA for binding of the 69-kDa protein, indi-MTs and actin ®laments are involved in localization of the
injected tau RNA-G to the vegetal pole and that tau RNA- cating that tau RNA-G contains a functional Vg1 RBP-bind-
ing site. Recently, we have identi®ed sequences in a numberG appears to become localized in precisely the same way
as Vg1 mRNA. of localized RNAs from several species (Z. Elisha and J. K.
Yisraeli, in preparation) which exhibit a limited homology,
of both primary sequence and secondary structure, to Vg1
RNA localization sequences, and that are recognized by Vg1DISCUSSION
RBP. Tau RNA-G also contains this homology (J. K. Yisraeli,
unpublished results). Inasmuch as tau RNA-G is containedRNA Localization to the Vegetal Pole of Stage
in the previously mapped axonal localization region (BeharIII/IV Xenopus Oocytes
et al., 1995), it is tempting to speculate that the Vg1 RBP-
binding site present in this fragment may play an importantThe purpose of this study was to examine the localization
of a heterologous RNA in microinjected Xenopus oocytes, part in localization in neurons.
Although a de®nitive role for Vg1 RBP has not yet beenin order to advance our understanding of the RNA localiza-
tion pathway. Our results show that a fragment of an axon- established, it was recently shown to be a MAP that can
mediate the association of Vg1 RNA with MTs in vitrospeci®c RNA, rat tau RNA-G, is localized to the vegetal
cortex of the stage III/IV Xenopus oocyte, the same stage at (Elisha et al., in press). The fact that Vg1 RBP binding is
correlated with the ability of the neuronal tau RNA frag-which endogenous Vg1 mRNA is localized to the same re-
gion (Yisraeli and Melton, 1988). According to every avail- ments to localize to the vegetal cortex of oocytes is strong
evidence for an in vivo role of Vg1 RBP in vegetal localiza-able criterion, the mechanisms for these two localizations
are identical. Both require serum and are completely inhib- tion. Such RNA-binding MAPs may represent components
of a transport complex that speci®cally recognizes vegetalited by MT inhibitors. Inhibition of micro®lament organiza-
tion allows some movement but generates an unusual phe- pole localization signals. Recent data suggest that in several
different systems localized mRNA may be assembled intonotype of subcortical localization, which in the case of Vg1
RNA has been interpreted as a failure in anchoring (Yisraeli particles, which contain both the targeted mRNA and trans-
acting protein factors, and may move in an MT-dependentet al., 1990). Nonspeci®c RNAs from Xenopus (b-globin)
(Yisraeli and Melton, 1988) or from rat (tau RNA-D) show manner (Ainger et al., 1993; Cripe et al., 1993; Tiedge et
al., 1993; Ferrandon et al., 1994). The ability of a mamma-virtually no localization. Recently, Forristall et al. (1995)
and Kloc and Etkin (1995) have suggested that two distinct lian cis-acting element to direct vegetal localization in an
amphibian oocyte suggests that these localization signalspathways exist for RNA localization in Xenopus oocytes.
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